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COMSAT Labs Multiple Beam Torus
Antenna Study

2. THE MIrULTIPLE-BEAM TORUS ANTENNA CONCEPT

The multJple-beam torus antenna1- 3 (MBTA) is a fixed

reflector, multiple-beam antenna system developed at COMSAT

Laboratories specifically for geosynchronous communications

satellite applications. Fixed reflector antenna systems offer

both attractive life cycle cost savings and exceptional perfor-

mance characteristics when utilized with communications satel-

lites assigned to orbital positions over a fixed portion of the

geosynchronous arc. Figure 2-1 is a photograph of a 32- x 55-ft

(9.6- x 16.5-m) MBTA designed and implemented at COMSAT

Laboratories in 1973 to verify the operational performance char-

acteristics of an offset-fed MBTA concept. This reflector system

provides a 200 field of view (FOV) over the orbital arc from 18'

to 380 west longitude. The feeds and their associated electronics

are housed in an environmentally controlled feed tower shown in

the photograph.

The MBTA reflector surface is generated by taking a

section of a parabolic curve and rotating it about a fixed gen-

erating axis,',' as shown in Figure 2-2. The reflector consists

of a parabolic section in one plane and spherical sections in

the orthogonal planes. The spherical surface allows full beam

scanning (or equivalently, the formation of multiple beams) over

a portion of the geosynchronous arc. In the orthogonal plane,

where only a limited amount of scan (a few beamwidths) is re-

quired to correct for diurnal variations and north-south station-

keeping of a satellite, a parabolic surface is utilized to

optimize the overall antenna system efficiency. Figure 2-3

shows the general beam scan requirements for the earth station

antenna when satellite positions are constrained to a fixed

portion of the geosynchronous arc.

2-1



Multiple Beam Torus COMSAT Labs

Antenna Study

'i'2-1. 732- x 5-ft M.13TA )t COMSAT Laboratories



COMSAT Labs Multiple Beam Torus
Antenna Study

M REFLECTOR

D

U

d

T- 
""

f F E ED PO IN T """: A

u = AXIS OF ROTATION (LIES IN x-z PLANE)
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Figure 2-2. MBTA Geometry
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Multiple Beam Torus COMSAT Labs
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Figure 2-10. MBTA Structural Support
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structure requirements occur for an antenna located at the sub-

satellite point (latitude = 0; longitude difference, X = 0) and
along the equator. The feed tower height and width are then

maxima.

The principal mechanical objective has been to design

a simple, reliable, lightweight, and semi-transportable MBTA

structure which can be utilized at the majority of antenna

locations in a widely deployed DSCS system. Common structural

support systems and feed housing are used for different antenna

locations. The dimensions of structural members and panels are

chosen to simplify the transport and erection cf the MBTA.
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efficient physical aperture gain. For the D/R = 0.3 geometry,

the illumination efficiency remains above 65 percent for D/X

values up to 600 (G w 63 dB) and above 50 percent for D/A values

up to 800 (G = 65 dB).
Figure 3-4 shows diameter vs D/A for minimum down-link

frequencies and maximum up-link frequencies over the frequency

bands of interest in this study program.

The gain loss of the antenna system associated with

rms surface tolerance(e)losses is shown in Figure 3-5. The rms

surface tolerance has a major impact on the multi-frequency-band

operation of the MBTA and the antenna support structure require-

ments, panel fabrication, and cost. Because surface tolerance

losses and spherical aberration effects are both frequency

dependent, the "optimum" antenna design is also frequency

dependent.

In addition to the surface tolerance, the required

field of view of the MBTAhas a major impact on the mechanical and

structural requirements. Figure 3-6 shows the field of view

versus the ratio of aperture dimensions (W/D) for particular

D/R values. For a fixed field of view requirement, W/D increases

as the radius of curvature is increased (D/R decreases) to reduce

spherical aberration effects.

The minimum spacing between adjacent beams along the

geostationary arc, which is constrained by the physical diameter

of the feed horn aperture, dh, is

Ae min = (360 0/7) (D/R) (dh/X)
(D/X)

which is approximately 2-4 antenna half-power beamwidths depend-

ing upoi. the type of feed horn used. Thus, for the two X-band

antenna systems considered,
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Multiple Beam Torus COMSAT Labs

Antenna Study

Central Satellite Location 333 East Longitude all cases

Earth. Station Location 2

- Sweden

Latitude 60 North

Longitude 13 East

4 -if-7

L.J Mt. Margret

54' Latitude 2 South

54' Longitude 37 East

F-icjllrc 3-14. Views of MI3TA at Sweden and Mt. Margret
((5~ ...33 east loncqitude)



COMSAT Labs Miultiple Beam Torus

Antenna Study

!7,arth Station Location 4: Ascension Island
Latitude 7 North
Longitude 346 East

44'

40,,

Elarth Station LOcation 3: Iceland
Iatitude 66 North
Longitude 340 East

; r/40'

A 14'

Figure 3-15. views of 14BTA at A\scension Island and Iceland
( St =3330 east longitude)
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Anen Study
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